of cancer in immigrant populations in Europe, detailed information, both for various immigrant groups and several cancer sites, is missing. Therefore, we conducted a nationwide, population-based cohort study with the aim to present a detailed description of cancer stage distribution in major immigrant groups in Norway compared to the distribution in the host population for selected cancer sites.
Material and Methods

Study population
The initial study population included all persons with a cancer diagnosis in the Cancer Registry of Norway (CRN) in 1990-2014. We then excluded all those with cancer at sites for which stage information does not naturally apply, namely hematopoietic cancers (leukemia, lymphoma, and multiple myeloma), and other ill-defined sites (C39, C76, C80) (n 5 52,119). Subjects with a first cancer diagnosis prior to the study period (n 5 20,882), and cases reported on the death certificate or cases detected through autopsy were also excluded (n 5 5,195 ). For individuals with several cancer diagnoses, only information on the first cancer was included. Diagnosis of subsequent cancers was considered different from the first diagnosis due to patient monitoring and changes in patient awareness.
First-generation immigrants were defined as individuals born abroad whose parents were also born abroad. Norwegians were defined as persons born in Norway, with at least one Norwegian-born parent. Persons born in Norway with two immigrant parents were defined as second-generation immigrants and were excluded from the analyses (n 5 808). Undocumented immigrants are not identifiable in the registries.
Data sources and study variables
The CRN was established in 1952, and it is mandatory to report all cancer cases and some pre-cancerous conditions to this registry. The quality of the data in the CRN is considered high in terms of completeness, accuracy, comparability, and timeliness. 20 We collected the following patient and tumor characteristics from the CRN: cancer site (classified according to the International Classification of Disease, 10th Edition), age at diagnosis, sex, place of residence at diagnosis, status (alive, deceased, emigrated), status date, cancer stage (as an ordinal variable: local [no metastases], regional [metastases in regional lymph nodes] and distant disease [organ metastases and non-regional lymph node metastases]), date of diagnosis, basis and certainty of diagnosis, and information about surgery. Subjects with unknown stage were handled as missing information. Classification of stage was based on information from clinical and pathological notifications and was coded according to local practice at the CRN.
Statistics Norway was established in 1876 and is responsible for official statistics in Norway. It holds individual-level information on several population variables, including sociodemographic factors. We collected the following information from Statistics Norway: country of origin, immigration status, age at immigration, marital status, individual income (low: <20th percentile, middle: 20-80th percentile and high: >80th percentile, by year and sex), and education level (low: <10 years, middle: 10-12 years and high: >12 years of education). Countries of origin were categorized into three Western and nine non-Western geographic regions (detailed in Supporting Information). Data on marital status, individual income, and education level were obtained 1 year prior to cancer diagnosis. Length of stay was calculated using age at immigration and age at diagnosis.
The unique personal identification number assigned to all Norwegian citizens and immigrants with legal residence status enabled the merging of data. The personal identification number was replaced with a project-specific number for each of the study subjects before the data was distributed to the researchers.
Statistical analysis
Descriptive statistical analyses were performed for each of the cancer sites, and missing data patterns were examined. We used ordered logistic regression to estimate if immigrants were diagnosed with cancer at more advanced stages than Norwegians. The results are reported as odds ratios with 95% confidence intervals. Population groups were analyzed in a univariate model and in a multivariate base model that included age at diagnosis, date of diagnosis, and sex when relevant. Date of diagnosis was included as a categorical variable (before 1995, between 1995 and 2009, after 2009 ) in the base model to adjust for changes in coding practice over time. Another model adjusting for a wider set of potential confounders (age at diagnosis, sex, date of diagnosis, place of residence, marital status, income, and education level) was also used. Interactions between region of origin, sex, and socioeconomic variables were tested and included in the model if they improved goodness of fit (delta AIC >2).
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The models were run with and without multiple imputation of missing information on cancer stage at diagnosis, income What's new? Since the latter half of the 20th century, immigrant populations have grown steadily throughout Europe, raising concerns about immigrant health, including disparities in cancer diagnosis. Cancer detection in certain immigrant groups may be challenged by limited symptom awareness and barriers to healthcare. In this study, cancer stage at diagnosis was analyzed for multiple cancer sites in immigrants in Norway. With the exception of breast cancer, advanced cancer-stage distribution was similar between immigrants and Norwegians. Equity in the Norwegian health care system and a mean length of stay of 15 years among immigrants before developing cancer potentially explain the findings.
Cancer Epidemiology
Thøgersen et al.
and education level. The proportional odds assumption was tested for the ordinal regression model. Multiple imputation was performed using the mice package in R (version 2.25), with 20 imputations and ordinal regression ("polr") as the method. Variables used in the imputation model included follow-up time, vital status, basis of the diagnosis, surgery, as well as all variables and interactions used in the fully adjusted regression model. The imputation process was checked for convergence. The regression models were fitted for each of the imputed datasets and combined using Rubin's Rule. 22 Data management and statistical analysis were performed with R (version 3.2.3). 23 
Ethics approval
This study has been approved by the Regional Committee for Medical and Health Research Ethics, of the South-East Region in Norway.
Results
Descriptive statistics
After exclusions, a total of 449,645 subjects were included in the analysis. Of these, 17,709 were first-generation immigrants (Table 1) . A large share of non-Western immigrants were diagnosed towards the end of the study period (38% Instances with less than five cases are not reported.
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diagnosed in 2010-2014 vs. 21% of Norwegians). Western immigrants represented 57% of the immigrant cases. Immigrants diagnosed with cancer were on average younger than Norwegians, and this phenomenon was more pronounced among non-Western immigrants. The proportion of males also varied across population groups, with the lowest proportion observed in immigrants from East Asia (31% males). The mean length of stay before cancer diagnosis was >15 years for all immigrant groups. Immigrants with breast and cervical cancer had the shortest mean length of stay before diagnosis (15.2 and 10.6 years for breast and cervical cancer, respectively, in non-Western immigrants). Immigrants appeared to be less affluent, with a higher share in the lowincome category. The proportion of subjects with missing education level ranged from 7% to 19% in the immigrant groups. Due to the limited number of immigrants with cervical, liver, and stomach cancer, the analysis of these sites was conducted using the aggregate categories non-Western and Western immigrants. Unadjusted stage distributions for all cancers combined showed that non-Western immigrant groups had fewer cancers diagnosed at a local stage, and subsequently a higher proportion of cancers diagnosed at a regional stage (Tables 2  and 3 ). With the exception of liver cancer, stage distribution was comparable among Western immigrant groups and Norwegians. For breast cancer, most non-Western immigrant groups had a higher proportion of cases diagnosed at a more advanced stage than Norwegians. After stratification on age, differences in stage distribution for breast cancer were consistent for women aged under 50 years and those aged 50 years and over. A total of 54.3% of the breast cancer diagnoses in non-Western immigrants were detected before age 50, compared to 21.4% in Norwegians. For colorectal cancer, nonWestern immigrants had a lower proportion of cases diagnosed at a local stage (Table 2) . Liver cancer was diagnosed at a more advanced stage in Norwegians compared to the non-Western immigrant group. The proportion of cancers with unknown stage varied in Norwegians, from 1.9% among those with cervical cancer to 31.9% among those with liver cancer. The proportions of cases with unknown stage were similar across all population groups, and were potentially somewhat lower in the immigrant groups due to their overall lower age.
The descriptive statistical analyses of other covariates showed a relationship between age and stage at diagnosis for all examined cancer sites (Fig. 1) . For breast cancer, a peak in cancers with local stage at diagnosis coincided with the ages for mammography screening (50-69 years). For cervical cancer, a particularly strong inverse relationship was observed between age and local stage at diagnosis. The proportion of individuals with unknown stage at diagnosis increased with age at all cancer sites. For breast, cervical and prostate cancer, patients with low income and/or low education level tended to be diagnosed at a more advanced stage (Figs. 2a  and 2b ). For other cancer sites, the association between socioeconomic status and stage at diagnosis was less obvious. For all cancer sites, we observed fewer cancers of unknown stage with increasing socioeconomic status.
Regression analysis
Overall, the ordinal regression model applied to the imputed datasets showed only small differences between immigrants and Norwegians. In most cases, the 95% confidence intervals included one (no difference) (Figs. 3a and 3b) . For breast cancer, non-Western immigrant groups had increased odds of being diagnosed at a more advanced stage when compared to Norwegians. To better understand the effect of age and the role of the national breast cancer screening program, we performed a sub-analysis of breast cancer patients stratified by age (<50 years and 50 years). When compared to Norwegians, odds ratios and 95% confidence intervals for being diagnosed at a more advanced stage of breast cancer adjusted for covariates were 1.40 (1.21-1.62) and 1.21 (1.03-1.42) for non-Western immigrants aged <50 and 50 years, respectively. We also did a follow-up analysis to better understand the effect of length of stay. For non-Western immigrants with breast cancer, shorter length of stay was associated with higher risk of diagnosis at a more advanced stage. After adjustment for other covariates, odds ratios and 95% confidence intervals were 1.62 (1.35-1.94) and 1.25 (1.09-1.43) for 
Discussion
The present study is the first European study to report stage distributions for multiple cancer sites in a complete immigrant population. Overall, we did not identify substantial differences in cancer stage distribution between immigrants and Norwegians. The results of our study could imply that factors associated with immigrants in general, such as an impaired ability to communicate symptoms due to language barrier or the difficulty in navigating an unfamiliar health care system, do not lead to systematic late detection of cancer. Equity is a stated health policy aim for the Norwegian health care system. It might be that universal coverage, low out-of-pocket expenses and other measures, like the availability of interpreters for those who are non-fluent Norwegian speakers, contribute to early detection. Given the high GDP and small population of Norway, the relevance of our findings to more complex situations in other European countries could be questioned. Indeed, although the patterns of immigration might be similar throughout Europe, the degree of integration and size of immigrant populations vary. Unemployment rates among immigrants have been proposed as an indicator of integration, and Norway has lower rates of unemployment relative to other European countries. 24 Immigrants may thus be better integrated in Norway than in other WesternEuropean countries. This is a potential limitation to a wider interpretation of our study results. The fact that all immigrant groups had a mean length of stay of >15 years before diagnosis may also partly explain our results. Immigrants with a long length of stay have the chance to gain knowledge about the health care system and their rights before they develop cancer. Recent research by Blom et al. indicated that the longer immigrants stay in a country, the more effective immigrant-specific policies become, and the more able immigrants are to utilize available health care. 10 Therefore cancers that more often occur at younger ages might be more prone to detection at later stages in immigrants than other cancers due to a shorter duration of stay. The differences we observed in the stage distribution of breast cancer support this, although similar differences were not detected for cervical cancer. Of course, historic immigration is not necessarily representative of recent or Figure 1 . Proportion of cancers diagnosis at various stages by age at diagnoses, for each of the examined cancer sites.
Cancer Epidemiology future immigration, e.g., in terms of countries of origin, reasons for immigration, and age distribution. Hence, our results may not hold if future immigration patterns in Europe change. We observed differences in the stage distribution of breast cancer between most non-Western immigrant groups and Norwegians. Much of the existing literature suggests that screening participation could explain these differences, 13, 14 but mammography screening attendance among Norwegian immigrants has not yet been published. However, results from other Scandinavian countries have shown that immigrants attend mammography screening at a lower rate than native-born citizens, 25, 26 and we would expect similar differences in Norway. A possible explanation for our findings, particularly for the population above age 50 years, could be that immigrants attend screening at lower rates than the host population. Among the other investigated cancer sites, only cervical cancer has a national screening program in Norway.
There is still no public screening program for colorectal cancer, although some pilot studies have been conducted. 27, 28 If such a national screening program is implemented, differences in screening attendance might result in differences in stage distribution. We also observed differences in the stage distribution of breast cancer among women younger than 50 years, i.e., before they are invited to the national breast cancer screening program. Differences in opportunistic screening in this age group might explain some of the differences in the stage distribution we observed. Data from 2005 and 2008 have indicated that up to 5% of the population aged 45 to 49 years attends mammography screening outside of the organized screening program. 29 Alternative explanations could be both genetic and non-genetic. Genetic variations might result in differences in breast tumor biology; for instance, women of African heritage have a higher proportion of triple-negative breast cancer, which more frequently presents itself at a more advanced stage. 30 A non-genetic explanation could be awareness of cancer symptoms and the ability to seek care upon presentation. The topic of cancer awareness and care seeking has been thoroughly analyzed in the UK population, and it is likely that disparities between population groups exist. 5, 7, 31 Forbes et al. have shown that patients in England with prostate and colorectal cancer delayed discussing their symptoms with physicians, while breast cancer patients tended to do this more promptly. 2 It may be that patients with colorectal and prostate cancer are in general not aware of the early symptoms of these diseases (regardless of immigration status), whereas for breast cancer, immigrants seemed less aware of symptoms than Norwegians. This might explain the later detection of breast cancer in immigrants that we observed, but not the other major cancer types. Differences in awareness may diminish with an increasing length of stay.
Immigrants from sub-Saharan Africa tended to be diagnosed at a more advanced stage across the cancer sites we investigated. However, the point estimates for the odds ratios had broad confidence intervals and lacked the statistical power to draw robust conclusions. Nevertheless, we believe these findings could be important and should not be dismissed. 
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Somalia represents the largest sub-population of immigrants from this region. A more detailed understanding of this specific population may be warranted.
Interestingly, lung cancer was diagnosed at a less advanced stage in immigrants from North America and Eastern Europe compared to Norwegians. A possible explanation for this finding is that these groups have a higher proportion of workers than the Norwegian population. A Swedish study reported that lung cancer patients had the highest rate of pre-diagnostic sick leave. 32 Workers with lung cancer might thus have a higher possibility of being diagnosed at an earlier stage than non-workers, as they undergo more regular checkups with their general practitioner. We also observed that non-Western immigrants with liver cancer were diagnosed at a more favorable stage. Liver cancer is known to be more common in immigrants due to exposure to hepatitis. 33 This might result in a higher awareness of this cancer site among immigrants, or in physicians being more attentive to that diagnosis. The comparison of stage distribution for stomach cancer might be somewhat problematic. Asians have been shown to have a higher proportion of non-cardia relative to cardia tumors compared to non-Hispanic Whites in the United States. 34 Not controlling for this might have caused a more favorable stage distribution of stomach cancer in the non-Western immigrant group in our study.
When performing analyses stratified by cancer site, immigrant group and stage at diagnosis, a large number of comparisons are being made. Thus random variation could be causing some of the observed differences. For this reason we have chosen to highlight findings that are consistent across population groups or cancer sites. The statistical power could have been increased by aggregation of immigrant groups. However, immigrants are a heterogeneous population and variation between regions of origin should be expected. We have sought to minimize the aggregation of data, as we believe this gives the most useful description.
Overall, we consider the dataset robust, with high completeness and little missing information on important variables. The study may be subject to the inherent biases related to observational studies described elsewhere. 35 In addition, there are specific challenges that come with analyzing data on immigrants. Particularly, it is possible that socioeconomic variables are not always comparable between immigrants and Norwegians. 36 We attempted to account for this by testing for interaction effects. The observed differences between the regression models were subtle and inclusion of socioeconomic variables did not change the results substantially.
Conclusion
The present study is the first European study to report stage distributions for multiple cancer sites in a complete immigrant population. The examination of differences across immigrant groups and cancer sites, combined with access to numerous covariates, makes this an important contribution to the understanding of early diagnosis of cancer in European immigrants. Overall, we did not identify substantial differences in stage at diagnosis between immigrants and Norwegians. This was true for all cancer sites, except breast and liver cancer. We suggest that equity in the Norwegian health care system and long length of stay before developing cancer could explain this lack of disparity. Diagnosis of breast cancer at a more advanced stage in non-Western immigrants is a concern. Particularly, there is a need for a better understanding of disparities in stage distribution among young immigrants with breast cancer.
